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I. INTRODUCTION 


A. BACKGROUND 


Over the past two decades, the United States Navy has 
recognized the need for advanced concept, high sveed, marine 
vehicles to meet its national defense role. To this end, a 
progran was developed to monitor and test surface effect 
ships as one possible platform capable of fulfilling the 
Navy's needs. This program, under the guidance of the 
Burface Effect Ship Project Office (SESPO), has brought 
forth several surface effect ships from small one-ton models 
to two one-hundred-ton madels, Refs. 1 and 2. One of these 
craft, the three-ton surface effect ship XR-3, has been 


operated by the Naval Postgraduate School since March, 1970. 


The XR-3 was constructed in 1965 by the David Taylor 
Model Basin and subsequently underwent an evaluation by the 
Navy until October, 1967. The XR-3 was then shipped to the 
Aerojet-General Corporation tor further testing and 
evaluation under the instructions of the Surface Effect Ship 
Project Office. The Aerojet-General Corporation conducted 
one hundred eight hours of water-borne testing in San Diego 


bay between April and November, 1968. 


The XR-3 was transferred to the Naval Postgraduate 
School (NPS) in March, 1970, for. the pureosc at 
investigating several areas of interest in the field of 
basic and advanced surface effect ship technolcgy in 


accordance with a SESPO Statement of Work. 
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While at the Naval Postgraduate School the XR-3 has been 
used extensively for student research for Master's Degree 
theses. The test site for the XR-3 is San Antonio Lake 


located approximatelv 100 miles south of Monterev. 


ER THE XR-3 


The XR-3 testcraft, figures 1 and 2, is twenty-four feet 
long, twelve-feet wide, and weighs 5685 pounds. ft. 1S 
powered by two fifty-five horsepower Chrysler outboard 
engines, with five single-cylinder air cooled internal 
combustion engines to provide air to the plenum and seals 
through single stage axial fans. Electrical power 1s 
provided by a 1500 watt, 110 volt auxiliary power unit 
(APU). The testcraft is designed so that it may be 
controlled by one pilot. 


BEST SURFACE EFFECT SHIPS 


Surface Effect Ships belong to the family of air cushion 
vehicles (ACV). Air cushion vehicles are divided into two 
Main groups, hovercraft and captured air bubble. The 
hovercraft is lifted completely from the water by the 
aerostatic fcrce of- the plenum pressure and therefore 
constantly vents air from the plenum under the seal. The 
captured air bubble vessel is lifted only partially from the 
water and does not normally vent air from the plenum. With 
this in mind, it can be seen that the hovercraft can operate 
over land as well as water since it does not actually touch 


the surface over which it travels. t should be apparent 
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that the hovercraft also requires a large plenum pressure to 
lift it clear of the surface and therefore large lift 


engines. 


The captured air bubble craft, pictured in figure 3, 
consists cf two rigid sidewalls with seals fore and aft to 
contain the air bubble. Since the sidewalls and seals 
always extend into the water, the surface effect ship or 
captured air bubble craft never operates out of the water. 
The advantage of these craft over hovercraft is that less 
power is required for lifting the craft since approximatelv 
twenty percent of the craft's weight is supported by 
| Budrostatic forces. In large surface effect ships, the 
sidewalls provide access to sea water for propulsicn and 


ships cooling systems. 


Figure 4 shows a typical drag versus speed curve for the 
XR-3. As the craft accelerates from rest, it will begin to 
push two waves, one at the bow and one at the stern. Point 
1, which is called Secondarv Hump, is the speed at which the 
craft rides over the stern wave with a subsequent reduction 
of drag. Figure 5 shows the XR-3 at a speed just below 
point 1. Air can be seen venting under the sidewall in the 
space created by the bow and stern waves. The craft can 
rarely operate between points 1 and 2 because the slcpe of 
the drag curve is negative. With a negative slope, only 
unstable equilibrium can be achieved in this speed range. 
Pron point 2 to point 3, drag again increases until the 
craft overrides its bow wave at point 3. Figure 6 shows the 
XR-3 operating at a speed between the secondary and primary 
humps (pcints 1 and 3 of figure 4). It can be seen that the 
testcraft nas only a bow wave in this speed range. At 
speeds above point 3, the craft is said to be "cn the 
cushion". The process of going from rest past point 3 is 
called ''transitioning' or "going over the Hump". Figures 7 


and 8 show the XR-3 "on the cushion". It can be seen in the 
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photographs that there is neither a bow nor stern wave in 


this speed range. 


tee THESIS OBJECTIVE 


In crder to improve the design of future surface effect 
ships, it is necessarv to investigate all the sources of 
drag acting cn the craft. Each force may then be reduced to 
its lowest possible value to attain the maximum craft speeä 
for a given power plant. To this end, many investigations 
have been done on the XR-3. Reference 3 details the 
investigation of total craft drag asa function of speed. 
Reference 4 found the aerostatic forces acting on the rear 
seal. This report deals with the determination of the total 
force acting on the rear seal and its two components, 


aerostatic and hvdrodvnamic forces. 
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The lift and drag exerted on the rear seal of a surface 
effect ship come from two sources, aerostatic pressure and 
hydrodynamic action. The aerostatic force comes from the 
plenum pressure acting on the forward face of the seal. 
Measurement of this force would be a simple matter if the 
plenum pressure was constant over the entire face of the 
seal. This is, unfortunately, not the case as air is 
constantly peing pumped into the plenum from the lift fans 
and is at the same time venting from the plenum either under 
the seals or under the sidewalls during transition. The air 
pressure in the plenum exerts a force on each sidewall and 
On the bow and stern seals. Due to symmetry, the forces on 
the sidewalls are equal and opposite. Although this must be 
accounted for in the hull strength calculations during 
surface effect ship design, it does not affect craft dynamic 


performance. 


The forces on the two seals are not egual due to several 
effects. First, both seals are raked aft frcm top to botton 
causing the plenun pressure to force the bow seal down into 
the water and lift the stern seal out of the water. 
secondly, the bow seal has a relatively constant pressure on 
its inside face since two lift fans provide air directly to 
the bow seal which in turn vents excess air into the plenun. 
The stern seal experiences a much different situation in 
that sone air vents under the seal during almost ali 
operating ccnditions. Figure 9 shows a typical pressure 


distribution on the forward face of the rear seal. For 
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further information on the pressure distribution cn the 
forward face of the rear seal, see Ref. 4; and for the 


pressure distribution inside the plenum, see Refs. 5 and 6. 


It can be seen fron figure 9 that the plenum pressure 
pushes the rear seal up and aft over most of the seal's 
surface. It should also be observed that the air venting 
unđer the seal passes through a venturi created by tne 
bottom of the seal and the water over which the craft is 
passing. Since the air pressure in the plenum acting on the 
rear seal is variable both vertically and athwartships, even 
to the pcint of being negative, and the rear seal is pushed 
upwards reducing the seal area, the aft force on the rear 
seal is less than the forward force on the bow seal. This 
difference in static pressure results in an aerostatic force 
which pushes the craft forward. Figure 10 shows the XR-3 
venting under the stern seal while the craft speed is near 


Zero. 


Measurement of the aerostatic lift and drag forces on 
the rear seal is further complicated by the seal's lack of 
Eigidity. The seal face is made from rubberized fabric 
reinforced with Spring metal bands. This tyre of 
fabrication allows the seal to distort from wave action and 
also from the E distribution on the seal face. The 
ability of the seal to distort is desirable from the point 
of view of craft motion since wave energy will be absorbed 
by the seal rather than creating a lifting force to increase 


Craft heave. 


To find the hydrodynamic forces on the rear seal it is 
necessary to measure the total lift and drag forces on tne 
seal and then subtract the aerostatic force. Reference 4 
details the procedure for measuring the aerostatic forces. 
This procedure basically consists of measuring the air 


pressure at discrete points along the face of the seal and 
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resolving the pressure into lift and drag forces based on 
the shape of the seal at the time of measurement. The seal 
shape was obtained by photographing the seal againsta grid 
painted on the inside of the sidewall, figure 11. The 
picture was made with a polaroid camera and a low-light 


televisicn camera mounted inside the plenun. 
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III. DESCRIPTION OF EQUIPMENT AND PROCEDURES 


KA T-TE s: sama = = i = zii A a Í „h 


A. THE REAR SEAL 


The rear seal of the XR-3 consists of a rectangular 
frame 120 inches by 46 inches constructed of two-inch angle 
aluminum stock welded at the corners. The seal 1S 
reinforced in the fore and aft direction by three-inch 
aluminum channel stock. The seal bag is a rubberized fabric 
riveted and glued to the aluminum frame. The face of the 
Seal has 12 equally spaced 4 x 48 inch steel springs to give 


it shape and an element of rigidity. 


The seal bag consists of two compartments separated by a 
center membrane. The center membrane has several large 
holes to allcw air to flow freely between the two sections 
of the seal. The holes in the center membrane aiso allow 
any water that enters the seal to move to the lowest point 
in the seal where it is blown out through small holes at the 
rear of the seal. Figure 12 shows the port half of the rear 
seal which is identical to the bow seal. Figure 13 shows a 
side view of the rear seal including the control cables. 
The control cables were used during earlier experiments, 
Ref. 7, to determine an optimum seal shape. For all but one 
set of runs during this investigation, the cables were 
stopped off at point A cocresponding to the optimum shape 
and then disconnected from the winches. For the one 
remaining set of runs the seal shape was changed in an 
attempt to reduce the seal to water contact area. Removing 


the cables from the winches was necessary to prevent the 
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cables from putting a load on the seal that would not be 


measured by this experinent. 


In order to measure the total lift and drag it was 
necessary to suspenä the rear seal by load cells capable of 
measuring the lift and drag forces on the seal. This 


required the following modifications to the seal. 


As originally designed, the seal only had frame 
Esrenerso:n the fore and aft direction since the seal was 
bolted directly to the wet deck. In order to suspend the 
seal, it was necessary to stiffen the seal athwartships to 
keep the seal from drooping at the ends. To allow the seal 
to fit back into the testcraft without extensive 
modification, it was necessary to put the stiffeners below 
the existing three-inch channels in the seal. Continuous 
one~inch channel stock from one side of the seal to the 
other would have been preferable; however, this could not be 
accomplished without cutting holes in the seal fabric to get 
the one-inch channels under the three-inch channels. The 
solution was to use three 48-inch long sections of channel 
stock which were short enough to fit into the seal from the 
top and then bolt the sections together to form a ccntinuous 
length. Two stiffeners were used, spaced approximately 
one-third and two-thirds the distance from the front of the 
seal frame to the rear of the seal frame. Figure 14 shows 
the top of the rear seal after the seal had the stiffeners 
installed. : 


Figure 15 shows the load cell to seal attachment points. 
These were made by first drilling holes in the one-inch 
stiffeners and inserting 1/2" x 13 threads per inch (TPI) 
bolts through 1/4-inch bearing plates and then through the 
hole in the stiffener. Connectors were fabricated fron 
one-inch hexagonal stock which was cut to two-inch lengths, 


wied down the center and threaded to 1/2" x 13 TPI. 
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Figure 16 shows the top of the seal at this point in the 


assembly. 


To measure the lift forces on the seal it was necessary 
to keep the top of the seal at ambient pressure rather than 
at plenum pressure; therefore, the front edge of the seal 
required a method of blocking plenum air from escaping over 
the top of the seal. This was accomplished by gluing a 
plastic sheet to the leading edge of the seal frame and then 
attaching the sheet to the wet deck with glue and heavy 
tape. Figure 17 shows the plastic sheet being installed on 


the leading edge of the seal. 


Originally, the seal was bolted directly to the XR-3's 
wet deck, allowing the wet deck to serve as the upper 
boundary of the seal's air cavitv. Aluminum sheet metal, 
.025 inch thick, was used to seal the top of the stern seal 
by riveting it directly to the top of the angle aluminum 
frame using a caulking compound as a  sealer. The plastic 
Sheet previously mentioned was fit between the angle 
aluminum frame and the sheet metal prior to assenbiy. The 
aluminum Sheet had an eight-inch hole cut into which a 
two-inch collar was placed. This hole allowed air from lift 
fan number one to flow into the seal and pressurize it. The 
joint between the collar and the sheet metal and the joint 
between the sheet metal and the seal frame were caulked to 
make the seal as air tight as possible. Figure 18 shows the 


air hole in the sheet metal top of the seal. 


The drag cells were attached to the front of the seal by 
bolting a bracket to the leading edge of the seal which 
allows a threaded rod to be attached. Figure 19 shows the 
completed seal with lift and drag load cells attached and 


includes the numbering system. 
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MOMMA tdonmene ift cells to the boat, 1/2-inch aluninunm 
plates were attached to exsisting hull strength members in 
the stern athwartships plenum. The load cells had 1/2" x 13 
TPI threaded rods attached to each end, one end of which was 
screwed into the previously described attachment points on 
the seal, and the other end was attached to the  1/2-inch 
aluminum plate by inserting it through a hole in the plate 
with washers and nuts, both top and botton. Figure 20 shows 
a lift load cell as seen from the weather deck with the 


access plate removed. 


The drag load cells were secured by attaching a 1/2-inch 
aluminum plate to the wet deck; the polts extended through 
another 1/2-inch plate above the stringers in the wet deck. 
An aluminum bracket was attached to the flat plate at an 
angle of 90 degrees. The drag load cells were connected 
between this vertical bracket and the bracket on the leading 
edge of the seal by 1/2" x 13 TPI threaded rods. Figure 21 
Shows one of the two drag load cells installed with the two 


mounting krackets. 


BAW LIFT AND DRAG LOAD CELL ELECTRONICS 


The lift and drag load celis receive power from and send 
signals to an electronics package designed for this project. 
Figure 22 shows the load cell circuit. Power is received 
fron the craft's 12 volt system and reäuced to five volts by 
a 7805 L4340K electronic voltage regulator. The plus five 
volts and ground feed directly to the load cell at opposite 
ends of the bridge. The five volt output of the regulator 
is also reduced by a 20,000-ohm resistor and connected to 
the center tap of the load cell as a zero adjustment. À 


calibration resistor is provided on one leg of the load cell 


20 





to aid in adjusting the amplifier gain. The signal fren the 
load cell passes through the "ON-ZERO" switch which will 
either pass the signal (ON) or short the amplifier input to 
ground (ZERO) to set the amplifier zero. The main signal is 
amplified by a pair of 741 operational amplifiers (op amp) 
in series. Circuit gain is adjusted by a 20,000-ohm 
resistor in the feedback loop of the second 741 operational 
amplifier. The circuits are designed so that a plus signal 
from this circuit is an upward lift force or a rearward drag 


force. 


The output of the load cell circuit goes either to the 
lift summation circuit, figure 23, or the drag summation 
circuit, figure 24. Lift summation is done by a 3440J 
summer. Individual signal gains are adjusted by the four 
51,000-ohm resistors. The summer is followed by a 741 
operational amplifier to provide signal inversion so that 
the output signal is of the same sign as the input signal 
(positive-upward; negative-downward). Drag summation is 
accomplished bv a 3440J summer as in the lift circuit; 
however, the drag summation circuit does not reinvert the 
Mutput signal. The drag summation circuit output is 
therefore negative for a rearward force and positive for a 


forward force. 


—- 


Remo SAL POSITION MEASUREMENT SYSTEM 


To determine the shape of the rear seal it was necessary 
to measure the position of the seal's trailing edge. 
Figures 25 and 26 show the method used during this 
investigation which consisted of five nylon lines attached 
to the trailing edge of the seal. These lines were routed 
over a horizcntal bar attached to the transon and then 
through eye hooks up the port side of the testcraft. 
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Finally. the lines were hooked to heavy elastics to avoid 
slack. Reference marks were made on each line corresponding 
to a known displacement of the seal edge below the wet deck. 
A graduated scale was laid out on the deck against which the 


reference marks could be compared. 


This method only yielded qualitative results since the 
strings were routed around the rear seal which was not 
migid. Being flexible, the string arc length varied 
according to the pressure in the seal. However, this method 
provided data that was sufficieatly accurate to get 
conparative information. The results of these measurements 


will be included in a separate report. 


Be DATA ACQUISITION AND REDUCTION SYSTEM 


At the beginning of this project, the XR-3 had a data 
acquisition system which consisted of various transducers 
feeding tc amplifiers and/or signal conditioners and then to 
a 14 channel tape recorder. The data acquisition svstem is 


shown in figure 21. 


1. Sensors 


The installed sensors measure: 
W. Port thrust * 
2. St arboard thrust * 
3. Bow seal pressure 


4. Stern seal pressure * 


* These parameters were used in this investigation. 
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5. Plenum pressure * 

Gi SIYE velocity * 
7. Wave height 

ee Pitch angle * 

9. Pitch rate 

10. Roll angle 

EI Roil rate 

12. Yaw angie 

ES Yaw rate 

W: Lateral acceleration 
15. Longitudinal acceleration 


16. Vertical acceleration 


17。 Rudder position 
* These parameters were used in this investigation. 


The thrust measurement system consists of two Revere 
USPI-150A balanced bridge transducers. Each engine mount is 
constrained vertically and athwartships by mounting 
structure but must pass all forward thrust through the 
transducer. This mounting, therefore, permits the 
transducer to pick up only the component of thrust that 
drives the boat directly ahead. The output of the balanced 
bridge transducer is fed to one of ten Grant Model DCAB-3 
anplifiers. The Grant amplifiers boost the signal to a 
Iange of 0.0 to 1.0 volts to correspond to 0.0 to 500.0 
pounds of thrust. External circuitry provides calibration 


etenals of 0.0, 0.5 and 1.0 volts. 
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Bow seal, stern seal, and plenum pressures are 
measured by Varian differential pressure transducers which 
are connected to their sensing points by flexible hoses. 
The pressure transducer signals also go to Grant amplifiers 
with an output of 0.0 to 1.0 volt representing 0.0 to 60.0 
pounds per sguare foot (PSF). 


Testcraft velocity is measured by a Potter velocity 
meter which consists of a small magnetized free turbine 
mounted in a probe. The probe is held in the undisturbed 
water ahead of the testcraft by a support structure mounted 
on the bow. The support structure is shown in figures 1 and 
2. The velccity conditioning unit converts the frequency 
output of the velocity probe to two outputs, 0.0 to 5.0 
volts for the cockpit instrumentation and 0.0 to 1.0 volt to 
be fed into the tape recorder. These voltages correspond to 


a velocity range of zero to 40 knots. 


Wave height is measured by a Western Marine 
Electronics Model LM4001A ultrasonic height sensor. The 
sensor for this unit is mounted on the same structure as the 
velocity probe. The output of the height sensor is fed to 
the height sensor conditioner which has an output of 0.0 to 


1.0 volt corresponding to -2 to +2 feet. 


The Humphreys Model CF18-0101-1 gyro package 
provides angles and rates of pitch, roll and yaw. Outputs 
of the Humphreys unit are in the rangeo£ 0.0 to 1.0 volt 
corresponding to -15 to +15 degrees of pitch, -20 to +20 
degrees of roll, -180 to +180 degrees yaw, and £30 degrees 
per second for all rates. 
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The outputs of the amplifier and conditioning units 
are connected via terminal strips to the onboard tape 
recorder. The terminal strips allow the test coordinator to 
select the sensors to be recorded for the day's runs and to 
arrange them on the tape in the optimum manner. The tape 
recorder is a Pemco Model 120-B, 14 channel magnetic 
reel-to-reel recorder. The tape recorder has an edge track 
which is used to voice record events as they happen. The 
recorder is controllable either from the front of the 
recorder cr remotely from the pilot's cockpit. Weighing 
only 100 pounds, the tape recorder may easily be moved from 
the testcraft to the data reduction site. 

The recorder can be operated at various speeds from 
17/8 to 60 inches per minute using 1.0 or 1.5 mil, one-inch 


tape. 


The data reduction system, figure 28, consists of a 
signal conditioning unit, a two channel SIE YD chart 
recorder, analog to digital converter, programable 


calculator with storage, and a digital X-Y recorder. 


The signal conditioning unit receives all 14 
channels from the tape recorder and through use of a 
patching matrix will provide up to nine output channels 
through signal conditionina amplifiers. All nine output 
channels have front pannel controls to adjust zero and gain 
based on the calibration signals on the tape. The 


anplifiers have high frequency filters (low pass) to 





eliminate high frequency noise. The signal conditioning 
unit has a digital voltmeter using a rotary switch which 
allows monitoring any of the 14 input or nine output 
channels. The conditioning unit has a summing and halfing 
module which is normally used to sum the two thrust sianals. 
The summer output will be 0.0 to 5.0 volts representing zero 
to 1000 poeunds of thrust while each input is 0.0 to 5.0 


volts representing zero to 500 pounds of thrust. 


Also mounted in the signal conditioning unit is the 
analog to digital converter and calculator interface module. 
The digital cutput is connected to a Monroe 1880 calculator 
which through a stored program will output two selected 
signal values at the time of request and send the 
anformaticn to a Monroe PL-4 digital X-Y plotter where it is 
automatically plotted. The analog signal is either measured 
by a digital multimeter or recorded by the Hewlett-Packard 
Model 7100-B strip chart recorder. Additional information 


about the data reduction system may be found in Ref. 6. 
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At the cteginning of each day's runs, the voice edge 
BEACK of the tape was annotated with the necessary 
information. Calibration proceđures were developed for the 
newly installed equipment and added to existing procedures 
for the original equipment. The calibration signals 
provided by the lift and drag circuitry were zeros and 200 


millivolts (200 pounds) on all circuits. 


Experimental runs were made with the testcraft to 
determine the effects of craft weight, center of gravity, 
rear seal inflation pressure and shape. The base condition 
was established with a craft weight of 6090 pounds at a 
center of gravity of 117.3 inches, measured forward frcn the 
transom. This test condition represents the craft loaded 
with a pilot and test coordinator both sitting in the 
cockpits. Runs were made at this weight with the rear seal 
by-pass fully open. Holding the weight and by-pass 
conditions ccnstant, the center of gravity was moved forward 
to 119.6 inches and then aft to 113.5 inches. The testcraft 
was loaded to 6810 pounds and run at the three centers of 
gwavity. The testcraft was again brought back to its 
original weight of 6090 pounds and run at the three centers 
of gravity with the stern seal by-pass 92 percent closed. 
Based on the results of the above runs, the rear seal shape 
was altered to reduce the seal to water contact area and the 


rear seal by-pass was closed fully. 
To obtain data points over the entire range of testcraft 


speeds, runs were conducted starting at the lowest power 


setting and holding it for one minute or more. A small 
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increment of power was added and again held for at least one 
minute. This procedure was necessarv in the sub-hump region 
because testcraft speed changes very little for a given 
amount cf power. This procedure also provided sufficient 
data points to define clearly the secondary hump on all 
plots. After the testcraft transitioned at about 6.5 knots, 
the speed would climb rapidly until equilibrium was reached 
at a point on the total drag curve where there was a 
positive slore. Power was then reduced to "back into the 
hump" at point 2 of figure 4. Again power was applied in 
small increments until the testcraft passed the primary hump 
at about ten knots. Peon tals point to full power the 
testcraft was brought to specific speeds, usually two knots 
apart, which was sufficient to define the curve on all 
plots. It was occasionally necessary to repeat certain 
conditions if the data appeared to deviate from expected 
values when uncontrollable conditions such as bad weatner or 


boat wakes on the lake were known to be present. 


Data reduction was đone by obtaining stripchart traces 
of the day's runs and reading the values bv hand with mental 
averaging of signal noise. This method proved satisfactory 
Since runs made for the same condition, i.e. same weight, 
center of gravity and by-pass condition, taken on different 
days yielded repeatable data. All data was hand plotted 
giving more weight to data taken on days 'of good weather 


sonditions. 
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The data obtained during this investigation is presented 
moe tabular form in Appendix A and in graphical form in 
Appendix B. Figures 30 through 32 are summary plots which 
will be used to show the effects of changes in the problen 
variables on the shape of the curves. The “data will be 
examined from two aspects; first, the shape of the curves as 
they relate to what is physically happening to the testcraft 
and wave pattern, and secondiy how the problem variables 


affect the shape and displacement of each curve. 


General lift and drag curves for the XR-3 rear seal are 
presented in figure 29. It is well to point out at this 
time that the lift and drag forces measured on the rear seal 
are primarilv due to the plenum air pressure acting on the 
horizontal and vertical projected areas of the seal face and 
that anything that arfects either the projected area of the. 
seal face or the plenum pressure will change the lift and 
drag forces. The profile of the rear seal is shown in 
figure 13 for the seal hanging free. The seal shape is 
altered when the testcraft is waterborne in that the forward 
section of the seal retains approximately the same profile 
as the free hanging seal, but the rear one-third to one-half 
becomes much flatter as it skims across the surface of the 
water. Since air is flowing under the seal, the air 
pressure must be decreasing frcm that of the plenum tc that 
of the atmosrhere; the flattened area of the seal will be 
exposed to less of a lifting force than that part of the 
seal exposed to full plenum pressure. The measured lift on 
the seal is therefore inverselv proportional to the seal to 


water contact area. The drag force on the seal should be 
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directly proportional to the distance the seal extends below 
the wet deck of the testcraft since this is what determines 


the horizontal projected area of the seal. 


Referring to figure 29, as the testcraft increases speed 
Eom point ( to point 2, both lift and drag increase. While 
in this speed range, the testcraft is creating a bow and 
stern wave with the stern wave located almost amidships. 
The stern seal begins to expand into the trough behind the 
Stern wave and in doing so increases both its horizontal and 
vertical projected areas which increases both lift and drag. 
At point 2, the trough between the bow and stern waves 
becomes deep enough to allow the plenum to vent under the 
sidewalls. This venting reduces the plenum pressure and 
with it the lift and drag forces on tne seal. It should be 
noted that the individual lift and drag curves show a 
considerable amount of scatter in the data at point 2. This 
scatter is attributed to two things; First, if the lateral 
center of gravity is not exactly in the center of the 
testcraft, the plenum will vent to the side away from the 
center of gravity.  Venting begins ata lower speed since 


the trough between the bow and stern wave does not have to 


become as deep for venting to begin. The other cause of 
scatter in this area is the local weather. The small waves 
induced by the wind superimpose themselves on the 


testcraft's wave pattern and in doing so add and subtract 
from the trough height. This allows the testcraft to vent 
at times that it would not normally be venting under smooth 


Wdter conditions. 


Mee pOint 3 the testcraft transitions by overriding the 
stern wave, It is assumed that the curves connect directly 
mon point 3 to point 4, but data cannot be obtained in this 
region because the craft cannot operate at steady state due 


to the unstatie equilibrium mentioned earlier. 
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A Econ the Litt and drag curves go to opposite 
extremes, lift to a maximum and drag to a minimum. The seal 
position indicators show that the seal does not extend very 
far after the stern wave passes under it; therefore the 
projected area in the horizontal direction is still small 
and the drag is small. The lift is maximum at this point, 
however, because of the wave pattern around the testcraft. 
The stern wave at this point is less than two feet behind 
the testcraft with a depression under the craft caused by 
the plenum pressure. As the depressed water in the plenum 
rises to the stern wave, the area of contact with the stern 
seal is confined to a small area at the trailing edge of the 
seal. With the contact area small, the lift force is high 
due to the large area exposed to plenum pressure as 


mentioned earlier. 


The slope of the curves approaches zero at point 5 as 
the wave pattern around the testcraft in this speed range 
remains constant. The slope of the curves becomes negative 
around point 6 due to a changing pressure distribution in 
the plenum, as reported in Ref. 6. As the craft speed 
increases, the pressure at the aft end of the plenun 


decreases so that the seal face is exposed to less pressure. 


The testcraft total drag curve was discussed in section 


I, C of this report with the curve shown in figure U, 


The effect of closing the rear seal bv-pass is to raise 
the pressure in the stern seal which deforms the seal bv 
bowing cut the center of the seal face which increases the 
seal to water contact area. With increased contact area the 
lift is less, the craft becomes slightly pitched up and the 
Stern seal dees not extend as far as normal. Since the 


stern seal is not extended as far as usual, the drag is 


Eu 





reduced. The reduced lift and drag can be seen over the 


entire speed range of the testcraft. 


An increase in craft weight increases the amount of lift 
and drag over the entire range of speed. One other effect 
can be seen in the sub-hump region and that is the lack of a 
sharp peak before venting begins. This is attributed to the 
stern wave building up sooner due to the increased 


submergence cf the sidewalls and bubble cavity. 


Changes in the center of gravity have the most 
noticeable affect on the shape of the lift and drag curves. 
A much sharper peak in the lift curve can be seen when the 
center of gravity is moved forward and practically nc peak 
at all when the center of gravity is moved aft. This is 
caused by the difference in speed at which venting begins. 
When the center of gravity is moved forward, the fcrward 
ends of the sidewalls are more deeply submerged than when 
the center of gravity is aft. Since venting begins fcrward 
and moves aft along the sidewall, a much larger stern wave 
and trough must build up before venting can begin when the 
center of gravity is forward. By the same reasoning, a 
smaller stern wave is required for venting when the center 
of gravity is aft yielding a smaller peak and earlier 


transition. 


In the post-hump range, two things may be noted: . The 
Center of gravity curves for a given weight and by-pass 
condition cross, and the magnitude of the lift and drag 
increases as the center of gravity moves aft. Neither of 
these observations is surprising since the center of lift 
must move aft with the center of gravity to keep the craft 
in eguilibriun. The stern seal must provide at least part 
of this added lift. The lift vs. speeä curves must cross 
since the craft transitions earlier when the center of 


gravity is aft as noted earlier. 
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The effects of parameter changes on the craft total drag 
may be seen in figure 32. The speed at which the craft 
transitions follows the center of gravity; as the center of 


gravity moves aft, the craft transitions at a lower speed. 


Reference 9 noted that there was an optimum center of 
gravity where the total craft drag was a minimum. It was 
noted during this investigation that at higher speeds the 
minimum craft drag was when the center of gravity was aft. 
This is attributed to the fact that moving the center of 
gravity aft increases the craft's nose-up pitch which in 
turn allows the sidewalls to generate hydrodynanic lift at 
higher speed. At speeds around the primary hump, the 
minimum total drag curve is at a different center of gravity 
for each condition of weight and by-pass closure. This 
Shows that the optimum center of gravity changes with 
testcraft weight anā by-pass closure and to operate the 
craft most efficiently over the entire speed range, the 


center of gravity must be moved as the craft speed changes. 


Reshaping the rear seal reduced the seal drag while 
maintaining the seal lift constant. The intent of shaping 
the seal was to reduce the seal to water contact area by 
holding up the center section of the seal with tne control 
cables and using a higher pressure in the seal to force the 
trailing edge of the seal down into the water. It was 
predicted that the lift and drag on the seal would be 
maximum and the total craft drag would be minimum in this 
configuration. These results were not achieved because 
sufficient air pressure could not be generated to force the 
trailing edge of the seal down into the water against the 
force of the seal springs. As a result, the seal would not 
extend very far from the testcraft keeping the horizontal 
projected area small and with it the seal drag. The lifting 
area of the seal was essentially unchanged and therefore 


little change was seen in the seal lift. The total craft 


5.3 





drag increased since the craft pitched up resulting in the 
stern secticns of the sidewalls being further submerged than 
normal for the craft loading condition causing an increase 


in wave drag. 
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£ 
APPENDIX A 


TABULAR RESULTS 


This appendix contains all data obtained during this 
investiaation arranged in the same order as the tables on 


the summary plots. 
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TABLE 1 


Testcraft Weight - 6090 Pounds 
Center of Gravity - 119.6 Inches 
By-pass Closed 0.0 Percent 


Speed Total Drag EEE Seal Drag 
(knots) (pounds) (pounds) (pounds) 
902. 1 028 751 279 
02.4 072 751 285 
02:7 105 751 292 
03.4 160 751 295 
04.6 216 ICO 307 
05.1 345 778 310 
053:2 339 760 304 
05.4 329 752 280 
05.6 265 808 345 
Care 421 730 304 
07.6 345 850 201 
08.57 358 826 2» 
09. 1 375 816 241 
09.8 395 822 242 
10:5 423 750 254 
11.9 436 721 269 
11.5 452 752 255 
14.2 438 708 271 
18.6 462 712 270 
15.0 445 708 278 
16.7 477 710 215 
18.1 486 7909 281 
11950 500 718 285 
2072 528 715 281 
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TABLE 1 (continued) 


Speed Total Drag Pt Seal Drag 

(knots) (pounds) (pounds) (pounds) 
2023 520 122 294 
21.0 564 712 280 
220 655 700 260 
Boss 587 T22 267 
28150 645 i 720 250 
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TABLE 2 


Testcraft Weight - 6090 Pounds 
Center of Gravity - 117.3 Inches 
By-pass Closed 0.0 Percent 


Speed Total Drag Dirt Seal Drag 
(knots) (pounds) (pounds) (pounds) 
03.0 148 779 315 
oss 085 709 305 
03.0 162 780 310 
03.9 208 770 310 
04.5 209 163 315 
05.0 315 755 300 
Do 385 no 333 
0572 337 789 295 
25:2 348 792 297 
05:2 347 774 285 
05.3 380 769 285 
05.4 435 754 270 
05:5 405 732 zn» 
05.5 465 749 268 
05.6 432 0,53 272 
0527 478 ` 716 2187 
0527 482 730 280 
02.8 493 744 282 
06.4 440 740 310 
06 .8 S19 739 300 
09,3 320 840 165 
oo 345 829 240 
09.3 395 799 305 
0903 366 838 248 
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CABLE 29 vontinued) 


Speed Total Drag Lift Seal Drag 
(knots) (pounds) (pounds) (pounds) 
09.4 350 825 220 
0955 390 805 245 
1952 400 790 245 
10.2 437 806 293 
19.5 420 762 252 
10 > 448 761 227 
11.4 432 738 255 
12.4 450 710 239 
14,5 455 700 255 
18.6 430 128 278 
15.2 433 710 276 
16.6 460 712 270 
17.7 505 726 290 
19:2 478 725 276 
18.2 476 mo 207 
1926 543 719 280 
2072 504 725 275 
US S 545 229 262 
225 517 731 203 
2402 551 122 278 
21:7 539 T29 205 
2247 587 25 242 
228 624 714 266 
24,0 612 O 245 
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TABLE 3 


Testcraft Weight - 6090 Pounds 
Center of Gravity - 113.5 Inches 
By-pass Closed 0.0 Percent 


Speed Total Drag LETE Seal Drag 

(knots) (pounds) (pounds) (pounds) 
0350 115 125 301 
03.2 136 822 302 
04.0 235 810 209 
04.8 302 2 22m 
05,9 445 711 245 
0971 371 840 2:92 

- 10.0 412 798 265 
11.6 436 20) 275 
15.0 417 759 290 
DT 416 752 235 
19.4 446 762 298 
24022 496 102 296 
21.9 531 155 281 
23.1 594 33. | 1255 
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TABLE 4 


Testcraft Weight — 6090 Pounds 
Center of Gravity - 119.6 Inches 
By-pass Closed 92 Percent 


Speed Total Drag Gift Seal Drag 
(knots) (pounds) (pounds) (pounds) 
01.1 012 718 177 
0275 045 709 210 
03.5 110 712 210 
VIES 129 VEG 188 
00.5 180 74 1 245 
04.7 247 731 234 
058 305 749 255 
Tes 301 784 2:99 
05.8 322 750 226 
05.8 314 744 2159 
06.2 412 700 210 
06,3 409 634 210 
06.5 435 659 217 
06.5 445 690 gue 
08.2 271 84 3 164 
08.4 285 849 180 
08.8 305 834 172 
09.3 — 380 800 180 
09.4 345 794 155 
09.5 342 789 190 
UT 361 789 197 
10.0 374 UNO 205 
10.6 405 122 185 
ae 435 694 190 
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TABLE 4 (continued) 


Speed Total Drag Lift Seal Drag 
(knots) (pounds) (pounds) (pounds) 
12.8 438 709 210 
il-79 431 706 222 
15.8 445 675 204 
16.8 445 704 225 
175.3 465 673 220 
19.26 482 666 222 
18.7 490 695 232 
1928 501 2:29 2535 
2022 522 679 225 
21002 533 712 245 
21.6 570 694 225 
22,6 617 708 232 
2287 635 716 205 
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TABLES 


Testcraft Weight - 6090 Pounds 
Center of Gravity - 117.3 Inches 
By-pass Closed 92 Percent 


Speed Total Drag Lore Seal Drag 
(knots) (pounds) (pounds) (pounds) 
00. 2 020 723 170 
023 060 723 186 
0370 076 720 200 
0399 ds 730 190 
05856 105 720 220 
04.0 140 703 209 
04.1 185 735 205 
04.4 170 707 210 
04.9 225 703 216 
04.9 245 go 213 
oi 248 810 260 
VS ST 245 745 220 
0557 525 76 6 225 
05.27 310 770 230 
05.8 322 775 240 
0558 290 730 219 
06.0 349 715 208 
06.1 372 705 205 
06.1 372 705 212 
0622 385 697 215 
06.3 410 697 232 
06.4 435 690 235 
06.6 430 695 243 
06.7 447 E 240 
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TABLE 5 (continued) 


Speed Total Drag GIET Seal Drag 

(knots) (pounds) (pounds) (pounds) 
07.8 260 817 168 
08.6 280 815 160 
08.8 295 810 159 
08.29 304 195 152 
0912 9283 773 160 
09.4 339 780 170 
MOSS 368 750 37 
10.5 404 746 176 

11.6 430 706 186 
12.1 395 720 229 
12.8 400 708 2595 
15.1 885 692 196 
Acres 410 710 2195 
Ve | 458 696 210 
19.5 435 720 255 
18.8 481 gu 229 
20.0 482 736 250 
2022 468 720 ` 245 
21.5 495 120 240 
2128 532 T22 240 
22.4 512 715 240 
23 594 720 l 228 
23.5 570 710 2125 
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TABLE 6 


Testcraft Weight - 6090 Pounds 
Center of Gravity - 113.5 Inches 
By-pass Closed 92 Percent 


Speed Total Drag LIFE Seal Drag 
(knots) (pounds) (pounds) (pounds) 
02.0 032 790 218 
02.3 042 1892 202 
03.1 085 787 222 
03.2 090 | 790 218 
04.0 145 790 232 
DE 162 790 255 
04.6 215 780 245 
05.4 262 820 225 
05.6 302 782 198 
06.0 390 770 LE 
06.2 412 755 228 
06.45 416 750 21919 
06.7 482 7952 238 
09.5 342 835 190 
10.1 399 272 192 
1723 | 425 742 188 
12.5 425 760 225 
18,2 418 760 225 
192.7 425 747 225 
16. 2 438 718 200 
18:9 475 726 212 
20.7 471 T55 248 
22.0 513 719 237 
2397 565 730 208 
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TABLE 7 


Testcraft Weight - 6810 Pounds 
Center of Gravity - 119.6 Inches 
By-pass Closed 0.0 Percent 


Speed Total Drag Lift Seal Drag 
(knots) (pounds) (pounds) (pounds) 
OA) 041 84 3 340 
03.5 120 855 349 
03.6 165 E 845 340 
04.1 163 866 375 
04.5 252 851 370 
0326 313 872 381 
0557 345 868 378 
06.0 419 862 386 
06.1 458 850 378 
06:02 433 860 382 
06.4 200 832 382 
Jong 520 869 309 
1052 500 870 22 
qz 515 805 300 
16.0 491 808 345 
19.7 498 805 332 
eZ 530 801 . 330 
210512 624 792 300 
2111 662 783 296 
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TABLE 8 


Testcraft Weight - 6310 Pounds 
Center of Gravity - 117.3 Inches 
By-pass Closed 0.0 Percent 


Speed Total Drag LI t Seal Drag 
(knots) (pounds) (pounds) (pounds) 
03.4 106 880 EE 
05.5 110 880 335 
09559 152 892 380 
04.1 167 895 346 
05.1 272 900 350 
05.5 312 885 358 
0 54516 365 890 340 
0529 453 851 320 
06.1 498 850 370 
06.7 509 839 318 
Grd 550 353 340 
10.0 445 900 300 
11.6 495 830 288 
i251 512 824 285 
1556 511 820 306 
18.7 - 545 821 303 
19.0 575 840 300 
2871 563 821 316 
2126 618 812 291 
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TABLE 9 


Testcraft Weight - 6810 Pounds 
Center of Gravity - 113.5 Inches 
Bv-pass Closed 0.0 Percent 


Speed Total Drag Lift Seal Drag 
(knots) (pounds) (pounds) (pounds) 
03.2 084 218 , 348 
03.8 170 914 332 
04.0 160 915 354 
04.4 224 893 330 
04.5 250 902 311 
05.0 311 900 276 
05.5 328 887 285 
05:7 422 850 250 
06.2 538 832 261 
06.2 534 841 278 
06.4 545 843 20 
0823 371 912 170 
09.0 410 905 180 
11.8 526 850 290 
14.8 495 852 323 
1628 493 862 334 
18.0 500 858 329 
2.05 508 873 A 3:55 
2255 542 859 331 
23.0 58 1 841 398 
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TABLE 10 


Testcraft Weight - 6090 Pounds 
Center of Gravity - 117.3 Inches 
By-pass Closed 100 Percent 


Modified seal shape 


Speed Total Drag Lift Seal Drag 
(knots) (pounds) (pounds) (pounds) 
02772 088 748 118 
03.8 030 728 165 
04.4 134 740 178 
04.5 428 745 135 
04.7 484 730 170 
05.0 240 723 163 
05.6 414 752 152 
06.4 420 748 169 
07.1 420 690 169 
08.8 330 786 105 
09.0 324 787 101 
10.1 430 750 145 
11.4 416 721 174 ` 
12057 1) 436 711 171 
13.8 376 707 175 
13.9 376 709 175 
job 440 710 168 
1556 430 710 178 
18.1 484 720 190 
20.0 — 600 687 171 
20.1 542 706 182 
21.0 584 707 188 
22.4 634 708 198 
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APPENDIX B 


GRAPHICAL RESULTS 


This appendix contains the individual graphs conplete 
with data points used to construct the summarv plots, 


figures 30 through 32. 


The graphs correspond to the following conditions: 


CONDITION DERSDGHRAFT C.G. BY-PASS 
NUMEER WEIGHT CLOSURE 
(pounds) (inches) (percent) 
1 6090 119.6 0 
2 6090 117.3 0 
3 6090 TI 0 
4 6090 119.6 92 
5 6090 1]. 3 92 
6 6090 113.9 J? 
7 6810 11928 0 
8 6810 MAS 0 
9 6810 lo 0 
10 6090 1703 100 * 
x — modified seal shape 
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Figure 42 - LIFT VS. SPEED - CONDITION 10 
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Figure 45 - DRAG VS. SPEED — CONDITION 3 
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Figure 46 - DRAG VS. SPEED - CONDITION 4 
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Figure U7 — DRAG VS. SPEED - CONDITION 5 
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Figure 48 - DRAG VS. SPEED - CONDITION 6 
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Figure 52 - DRAG VS. SPEED - CONDITION 10 
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Figure 54 - TOTAL DRAG VS. SPEED - CONDITION 2 
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Figure 56 - TOTAL DRAG VS. SPEED — CONDITION 4 


106 





TOTAL DRAG (POUNDS) 


600 


500 


400 


300 


2004 


100 


Figure 


97 


10 


IS 20 


SPEED (KNOTS) 


TOTAL DRAG VS. 


107 


SPEED = CONDITION 5 


25 





TOTAL DRAG (POUNDS) 


600 


500 


4004 


300 


200 


100 


Figure 


a 


R 4 
WA © 
© n < 
a a 2 3 O Q 
$ ġ 
8 
è 
e 
UD 
4 
5 IO 15 20 
SPEED (KNOTS) 
58 - TOTAL DRAG VS. SPEED - CONDITION 6 


108 


25 


TOTAL DRAG (POUNDS) 


600 


500 


400 


300 


200 


jele) 


Figure 


bIs- 


lO 


IS 20 


SPEED (KNOTS) 


TOTAL DRAG VS. 


109 


SE boo = CONDITION ./ 


25 





TOTAL DRAG (POUNDS) 


600 


500 


400 


300 


200 


100 


Figure 


60 


zb 


IO 


IS 20 


SPEED (KNOTS) 


TOTAL DRAG VS. 


SIP TED CONDITION $ 


25 





TOTAL DRAG (POUNDS) 


600 


500 


300 


200 


100 


Figure 


61 


10 


15 20 


SPEED (KNOTS) 


TOTAL DRAG VS. 


SPEED - CONDITION 


9 


25 





TOTAL DRAG (POUNDS) 


600 


500 

400 

300 

200 

lOO 7 
Figure 


62 





IO 


(5 20 


SPEED (KNOTS) 


TOTAL DRAG VS. 


SPEED - CONDITION 10 


25 





1. 


2. 


3. 


4. 


n. 


6. 


Ue 


LIST OF REFERENCES 


Ralev, Carl F. and Wilson, Fred W., Test and Evaluation 


= 
of U.S. Navy 100-Ton Surface Effect Ships, paper 


presented at AIAA/SNAME Advanced Marine Vehicles 


Conference, Arlington, Virginia, 20-22 September 1976. 


Naval Sea Systems Command, Surface Effect Ship Project 
Office (PMS-304),U.S. Navy SES Program, by Commander 
Jerome J. Fee, USN and Eugene H. Handler, p. 1-4. 


Layton, Donald ï., Evaluation of the XR-3 Testcraft, 
Annual Report-1971, NPS-57LN71121B. 


Payne, John Scott, Static Pressure Effects on Stern 


Seal Lift and Drag of the XR-3 Captured Air Bubble 


Mesina o. Thesis, Naval Postgraduate School, 
Decenber 1975. 


Eddy, Rodman Michael, A Survey of the Pressure 


comme — = == =: A e = Sa a =". = => «= | m pes 


Distribution Within the Plenum Chamber of the XR-3 


Testeratt, 4.5. Thesis, Naval Postgraduate School, 
September 1975. 


Struck; Allan Peter, Pressure Distribution of a 


Captured Air Bubble Testcraft, M.S. Thesis, Naval 


—T v» eS a SS A GEO =p cm wp meee O 


Postgraduate School, September 1972. 


Moloney, Robert Willian, The Effect of Seal Shape 
Variations Upon the Performance of the XR-3 Captured 
Air Bubble Testcraft, M.S. Thesis, Naval Postgraduate 


School, March 1975. 


113 





Dabbieri, Peter Vincent Jr., Data Reduction Systen DE 


=> = S= +. = no W «ut e ase a = GENES cR = = = See m 


ME cubed Ate: Bubble Testcrart, N.S. Thesis, 


Naval Postgraduate School, December 1973. 


Leins, Willian Mo, Dons Center of Gravity 
Characteristics,  M.S. Thesis, Naval Postgraduate 


School, March, 1975. 





INITIAL DISTRIBUTION LIST 


orar Code 0212 
Naval Postgraduate School 
Monterey, California 93940 


Department Chairman, Code 69 


Department of Mechanical Engineering 


Naval Postgraduate School 
Monterey, California 93940 


Assoc. Professor Donald M. Layton, 


Naval Postgraduate School 
Monterey, California 93940 


Lt. James A. Boland, USN 
112 Faterson Rd. 
Fanwcod, New Jersev 07023 


Naval Sea Systems Command 
PMS-304-31A 

P.O. Box 34401 

Bethesda, Maryland 20034 


David Taylor Naval Ship Research 
and Development Center 

Code 1623 

Washington, D.C. 20034 


Defense Documentation Center 
Cameron Station 


Alexandria, Virginia 22314 


Code 67Ln 


No. 


Copies 














Thesis 





163432 


86448 Boland 


GĦA 


Lift and drag measure- 
ment and analvsis of 
the stern seal of the 
captured air bubble 
testcraft XR-3. 


ag measurement and analysis er nu - M 


Lift and c 
H : er A ai $ + } " ki 
E La ri LE | ; ja : 


re E 


Pee TI PT Ja te 




















































































































































































































3 2768 CDM | A 
02 07469 2 EE E MEET IE i 
P E 3 N A 1 L9 N 
eis - > : số $ N A 
n = A KNOX LEN Mo | DA : 
ma er Mer i “a K ^ 
m W wen PAAR L N - ° ta 
M E. ji m x F d g e pa “A n .. N | 
c ) t ne YO 
gr &e Mr ji f HẦM WA ih $ 4 DES j ja A ide X AA 5 y W ka "a Ja 
r? $ ro s Par L H (ASON ] (AN "d k' E d € n 
TA A Lm o TP mur] VỆ pi aħi aa AE L LEAN Lé D kod N d [ E 
p Aaya ATA foui Dự NDA iio a (OP OU N SR v 3 pò i : N " t p 5 
和 eel E , y A ELA APA KN VSK J LPRA AR da i a i | + ý E ^ 
vi E 4 6 or fe pm a AA ki : VAI LIU h OI PTL t ) : ON g $ k E 4 
dl PT 14 LE 4 Hn Ar i vo d K ZW "I s N AS IR N , , , N d 3 
d P RAP TOA | nr - ` 
sấu À = : P X d D 
r f i 4 UR 
(ae T , y i A 
deed 4 AA , XP . k 
TH d > = 
By BS h N t 4 tat + tuc Je; 3 ; . 
4 KN) , a U fa 
` M L 
rat N d E . + 
di FE ER R add jè . # £ 
se A AT d' $, Pi DP LA Ah MULTA i ' N . 4 b 
a 34 KON ATI B “il ny 2 LED vã TANKOU MOL ii LP TEN EP n A d N " 
IE BEI MS ae tg X AT HIS ICE EIL # JEN Ġa, E 
patti a rnv ge^ TUNE f + am ¢ > Pe , | 
FUE TN. 20 elo jan WA AL AKA SAYO MÒL W Asi KOK KL (29 DL a LT ` ES. E e 
12 pi L A la, ` "Fo "TT "2 |! $ 
d Per, rr 1 Ea p Hd poud di KÈ ĐỀ: $ 09 Aja go ĦU A tik, "t ar i p U 4 
OH rue 9 S ATEA IEE ILA A Aus i Lt : v 
a ii I a H 3 z " "m H “ SA L Mi `. : ba he $ T dụ PA. (^ và Ps " N ' N 5 N y < v vis 7 O 2 
1 TAL 6 p KG " “a IET ; N k N n i y 
V DE „` HEP qM EA k ? LN AAA Lư LUI PO a L i N ki " : 
na To een he a RICE) E A Mi N 
Sn re MÃ Cre mu 5 EN Fat pani? MATIÉ YN " a VA : 
za fr n E Mon OCN = TI U ali Ka h ERU! " $ » Pf mặc ‹ s a Li yen i h e 
Un M oe tan TAKIN KS ketä a u NE 
dass j AT qM ds ; ur ` N N 
Re se SS ta EET, k n X , 
b dè. i A Lt ^ Y * to n H n xi d 7 E 
iu IC * E v ^ A 
e E 
mn er, i MA Ku tré, 33 . N 
SP tebe ah DIETO g ste LO E E .. 
ki uL T HEL m n JU yy a w^ ves n N 
ắc . I P " a e f « 
B m ONE. pi 4 o 
€ je nej KML DW ké [xa E ` 3 . D A 
$ 4 A LE gg : ż 
SAMASTA | CIS IIN PA | 
ER a one re AWÈ; v y LÁy vi ya EL ^ N 
nan Ll ieħ tale P yh $ LÊN X TV d 4 P. é qe e. T s 
W Dwe tal-a d GA a INN KK AO YA LE NC lap a ` 
LỰC up Mer DEALER E 3 n H 1 rn AVA A N KK Me ql rad," « » uus Be ĐÀ, E 
“6 map OO Yn AYI Aji DI ht IT 4 E AISA OUT. Pat h ly OE N OT E JA VY NT Tin PA e n w g N 
EEE N ANNI | Ap WI. f iaai i af y True SRA A i + à A h : 
i were wé ww at se... ħ MAL i ; oe Ũ ‘ : = 
rh pes Ld n un AL re " [759^ ume. P | A j 4 "a ni : A AD. E N 
LT h 31 km to te 7 U sản oo Gf y HH e YTN sä e 100 20 is " J E EN N " - . og 6 
Yi apt an y? dl EA 14 4 KA D f = A b4 "s yo EA ri F p, $ m GW) sa m + u... NL P › 2 p i A ` LI r 
2 p FT Teer a] tua P deae E uua x ki D 14 t Ne 
do DT e TE ENA YAN 4 Me op >" - pi Aw. ki AUI, n ay eA n + 3 «ES m D N A 
A L TANW ANWO. ee , Tí t d AL W SAN - z D EM $ 2 n 
My re TAI MUN de ED għa v rd de a alé a a, kí "ae vos p Hà 
Chg ees ws i HM T i kc ¢ 的 Peyi AKL: . PR 
2 ELS T E; OEM e e $ wur ta b e 
m res Cá) kubi A LA f' i, ch A a RT P “#19 Kr D à N - ^ . 
1 HI ^ 1 1a f 3, 1 A EL ETT. E s ek ja pa 
m. AN APR n Wh A A > um und U "LE" n “on U S MA B 
7, h v N "VIP hd ," ġa 4+ i : b " 
XENA. <. TE PEST TY KOTA fi mia jag A A 9 Uw-w a. " ML b k : . 
i D ` PT: n è Avi a EX : 
Aj ke (y & UI N " a 
Li im A 7 dei m "e X Li i L " D a l ^ L] 
hye st 7 LAP TYE WEA w dr AE > eta zi N 
TP à uomen L 5 dE d a ä 
te kristu Send no ? M W. j j va T ^ A. , 1 4 pè KU 
" ĐỘ TẢ, Pw Kuu! v 1 a L T = a k 
P UP. tè TET. ) Ec ni g [AN i ¬ A 1 RM D a A 
Li L 3 i D 
nin Dar 4 f L $ I ta 
Noc ke A O ' XN ^ i n 
^ NE] a tì A [ N 7 k o e E | L C N N N 
5 og v A a O A . ‘ 
PT L - 1 S A " F E F ' = "1 
fe ” 。 " v ea E J 
edt. t cm es 14 M E n E f 
% 142 m E TE FAIR i i Ye: 
h "E E g» ` : i E n 
d 4 > IS a LET MMA, "edt iu ; f à ` 
` lạ AJ b 。 U N N e 
f 4+ yi? fu FT * ey e: t < E N ja 
X Ulm aes be pdt Hw A via E i n d m k 4 i 
kè any kí " J ota LE Ès you tất A 
tủ a WR LOW id EIL iW MR gani, a JB RT « N - A 
Láng AS ur M YONG ur d vie A b PE 8 = UT i z A 
. n P A + FT! " LI (i 
" N 4 4 A LAP N 
E ai E RI N 
U v a b » N N a ; y E . 
" 
F x 4 n : $ P. 
pe. o e = D = PE E 
N D , E è ra e bl E N - 
à N b 4 L , E " B 
N A N 
; 4 e y 
AA N N ng x R vi 
N 1 D ` 
E A. N E : 5 
t 4 l 1 J E A " : N N à n 
H 
n : Al + E 
E] Gi PET TT "ane | ĦA e ‘ A dw 
Plon La AL, IA TER ` m. de pe: de lô Ôn ANY J WE b i b A s N 
^ Ten GU Ku BER? Jide. $ dpi sa | vé qu, e LH o CRS LN N > H i N : 
a” ^h et baj L] P S a ERA L PL N " 
RAGEL TY a EUR y UN vol ET pe N WS EN N Wee x » 2420 Mi n 4 2 je T at X U N sta N en i N 22 E i * + 
“+. T ` % HN fenn "a 122... CPP 1 ^ t A 4 E a . 
a W A ton t ye LE mA ki ha kul f F a" N Dat ` NE DA yo n B N ` 
1 ui i 7 Ps N y N i sa ¿e N „SN F D e. N LP Y b " n e 
TESI ESSE UM POSU SMS READ MU MS CRM SRM XT (WE. A dub E mr S : 
foe py N "a fa hdi At Ad te ġid My, gar, T Wr A sa N z os E k TA , RI DO b N TỦ oe N N N 
l s an x po ¿a N a N A E 
AA MALÈ: DA ^x NM EAE Hà) rM 2 jan Lạ c1 + dou NT sen s w * (s. ti n E. ` F N L & N E 
cpi SL A OR yn AN Muy C apr O HL TREO TRA A NPS ae gee N N à E n E d g ET u 
per Zee Hư? ảo na EHE NN a C m MT "m. KH eo Fei es > Peake Bi ‘er oN O ỳ vwa el $ x 4 N s ke N s 
人 EXE Ma - Se M RÀ. Ed © f RA AO Bá bổ e Ape t EN $4, N a MR ta , U n n N A X za a 
a" F P$ O - XD P. ER n TA N x M " * S 
ehnm A a yi a A a “Di j E pt sat fir n PA e SU M ques ni "D wa vii * NI " P EL b 4 W E x " m N v 7 m E 
EAR VETT a ON OER TITTI LI ATU N L ka rak FO TAS PAS RON , q? a a T ais CIE seu T N 
an V ca YO + k `. kon l DA H Rt id AS W Hi TR Y m Tig $ Pte | e 4 y] en E N E b. A ta k 
Ti, br dh Nu A H. aD E CS 1 dt, A i er ws y Ne ST ee N a Va NN Se , JO = 
` mM H K m tas RA s E w - Sa ya é e m m. t & ij v ` - ` N P . 4 aa 
AN NS deny jn: LT sèw UE nd e k " "ur NOTA N br A, po vi ` X i4 ' ed għ L N sad A. N PRN DÈ e m $ ` N 
eta l-G AR, AL EON N TKT LT OY qY `.» AU E > H Felis "T tA y We . ae! aah ee Mi J v a E E N n 
Sure ap ` Hs ria FI e M mo yv & A ` up I a LSK) sud oh so S ku a MU b M ora 1 x L] E 
RO. apple ayè NAA A CA e tì? kh TUN X vì KG KA JEn p [ “th A T ALL N SKIN J sa ¿De ` a N 
TA Tt (0039115 ve > D FONTE. MALA rad rta LA ae Ni San eye fe pe ma i "vw IN ed W E S Pio 5 2 N : " 
hry a de ` DM PX DE PL Wing Hh ld pa | EP rd ur i Ey sii LEM xe rm tL a W N bi t " NEST y" A Wo ¥ ġ 1, A W m ' bce em vi F 
O E E npe M RER CO An Cha Se AN re "m EM NES Pe A ETA UI A A Me ir ớt bb U ^y VOL ve ve Swi Is ; x i i 
A ` H p TA Là 6177 y N Ng AA IO AT d GE 
FE a RA de f'A Mis RENS] SER a U Me EDUC $ Ee A TREE EP A k A YO A E 4 E EA A : 
a A a. Abate Tera vo Bek ii Ce EN CE een ko Mta au ai R » i O PYN PW K 过 ` v “sh U N ^ ` t v N N a A H pr AN ` » 
tin AS tna HESS NUMAE int A oo lu | me Odom 5 
CN fs ACE M. LA a A NIJ NOI Dp e ` «th IRAN AUS ps ad k b » 
PUR by AN N ch ng: Liên RR n Pr Jeni, Yr DATE Mi m art T uhii q LL xã xài: % N y" : L v% " iu N a N 
` 4 LE CRAP RAE pwan T PA dL Ma EE ay a: TO Rn 4. l ha) ja ħall W Vu e MK va f P D es 
MER EK SUE VOIE DE QD MON lucir SE REUS MEE at? E S ` "`. `. A 
iAy nou DƯ AN Koo JA o SA +: sa Des ded "nae NS. E 0u «FL . A > © T a Sn 
TET LE t cle iras NI oui DP oe PRAES wy UA. Me " , . i a a 
NS Sa a ANA S ta JA USA si JA W 1 A co di e E MAN 
A bra A ka-a tò byè E de M N NK `) MB: BR RR rr OO ' N i .. 
N ERO USE IT Thể kie baba Ya ah TAT YO) SU IT D N L $8 "NOTE " 1 E n 
1 Wm }È xa xi PA AA la H n 4d AMET N ev AE H E sư g 
TEN AENA RATS UN ii ata v i "D SA TENE đi M o SA TE à; TER ee ` mt 3 
E: a E h * ILNI ML YE t n L Li * N PKU a ut, M a * Va ve 
Aa See bey ae An ủy. b^ HORS bộ c2 - Vds AN ye At à NUS, $ ` RUN ab, ar od » k L DON He Hi ai dy . TIR an he. de $ as Sy ns 2 n x T n sè N ta A = LO N A 
YN + N 46 v e bdl pi N LTE OIL RE M ME ‘et eute 4 Ay m "x v bio» i n 
2 W bliy tên TTE [ICON ^ er B Y 8A, N MK a ` ENTE € & Y a -.9 Va W A 1 dk J hä vu v t v 
^ E! d van 11 gp 4 dw] AU. + bk % RS ^ TL" , 4 LI N L E. N i ` G 5 
MEME Se AA WAN EN TAY a rg: N ett PRAN fa a Si ee ROH Reni ah w NT tà - ` v d F a n 5 ON SUE M a SSE A 
WA AN Tre! HEELS Gia ôn A EJ. ARO AW ia sese v ES M E 
ore Shee war ki o xej X art f M pe A i i EX M IN KORI OH .. i Sa MA i ae SH kết N 1 A = ` L y 
Thiệp? H DET AM ye SEY Ty art arty eet EK w BH Yi de n SINN ` tt + Saute « € sad S $6 sứ aes b Van % ` ` N x M m 
ER RSS MCN vr E kad A MA E TƯ TUM BT Ur TW TM di LIN NO kW WOVE het ang en E dii. M < 1 egt : . $ >» wa E sé an 
MAN ERARA ROTI A hd. MAN ANN a Di Jik KTH VA da rs ON Wark i J e. Vie vì A q LS AN vi sa : SUE v 
Pv pon ty túy ĐÀ Gì Het O ES ki AAT, DN Ne và (S SP ve eh QUAM al ETT IA en NE O AO woe. A a au R ‘ ` 
[^ wr v 1H (ia SEIL: men Thi H a TAY uw Be YÉ va NIETO y! U N : TÊN Y a NP" LI .. ha e [] D . 
Te CE] IST a S KA * d* d YAD KEN LATINS v n DU E D m N H Sis Ki! » Tout hoo N N ki 
a mi e de IA A ` PS a Ir S ET m" EET! DU aT 4 ka] v 9 
b ERR TA NÄHY nn mi SIRIUS INN A KYMIN JA SSN d did SEYI Li Ki AW ANE PIÈ LI ` vou a a n N » as 10 
^ qe ER REOS M UA MU La hart os ate Ck dote Ada n 3 64 x'qal i NE Se ` ` " N JW; N 
ifa EKA A tħ: PEEL SN ATE TILASIN AEQ OC RUN VIA E! SE PES, - ` l ^ A, 
er EO NN SAL phas on NER, REES NE JÄÄ ARM nun MY) MUUKIN ASYE WA p Ti ARE N. R e AOU YE me A XM IN e MINK TODEN T Adi ja E 2S A n M : " ~ 
r Ñ ý t N bi i | E A rad 4 N 
J PER RM AKA AN SIN vwa. Feet ME aks keel PECES. ' N J Mi v un NO un A ki » E i" l. CS AA AT. M i m. E a. > N ^ E 
ve PL adl earn res ch. d Vi es N Ue I a Ki MILI MART ETT k ` 2 M E] e Serre $ L ý 
MBNA A Air teny (e MT ye erts BRONCE T > FOR Fl TIT W t MEN N a PUN ` 
AL tap É - (A LES ete sten sa . v ` N D 
SG A wn e P Sd FER No nA A ati Sen TUN o m vẻ v a f f "a $0 b 4 ai "S AME EC x n A T P N : 2 ti 
tite dl A OA NS H NN Mr AN CN dạ A A KAL po DO D AU A s te = a T Met sa MA 
S a lê: I San ` ATTI v TH LAY! h A sự 4 N 4 v w ` > 
DANOS S ISA A HN 0 A te vay FAZ E To URR IP be E. N TOINI N "Ec ¬ Yè xí N A w 
nO ues cdi eo NE AMA DEN SEE E DE RUNE dfe Qu Y EE OX 
NOE sh Ar uy e Hu Mh a AS Bun PIN + mm pa vet n wa Von R CEN M] e E ra ED ^ L] see We N m t. 
had DAN EIS H Nụ je là h ARE OR Pa a TL ANH a M v ¿a IN US | CT ur? v en EE E NT > A 1 N T 
^ 2 t DN m i PAN N "U LO LOW tA ATOU E A TL BED NU vr. An. Sun N Al N 
CN ER le LK QS hl SMS SN od un MÄKIN TRA ATT AXTART A E m ARE Sa bo E “ » N ， ` y N win 
STT KY a Li A : E X ^ Li ` Lata J aX Uu UN A A L WI A a ae, p Wa. 
e W ph SSM ND HÀ TÄN Ma tứ v ESTAN AA SIS KÄYT SEA AO N qe ve, AST STA DEW i NN . ky 
kk SURE MC SUVS Mes tm CS RAEN DUN RAW: vn NOT AT K MIN. E Hiến | a IO O, IC O ， 
Mrd ep ROREM d y fid AN At Hà A RI ANS y f) i AO mv. H N W lọ qe AA N S A a pi A a 
POEM de A SIL AA INA ev, N N ERE TRUM UN NT HN. f AA LORU [10 is mai J SN H va an vog av Wa ha. v N ad N 
CIA O ATAN Pu men COTA KI ANA hr RR YA " LATA n In CLE e x Am. `: y ^y» 
LI (N 15 ` H al E a 
`e ME ON ka kh (ai Sai ii t RS TH VN: VN TOMAN AI AAC A AO Nà M A) X TÉ k" m: MEE ed se an “7 MN 
awa mE em run Nà k "m b 4. L at 4 LT dw A MEL Sr A AN TON i $a 4 N te va a 
NK Ys um kinh tiệm n mote t us LAN fè W AA L Mb DI SOLO DU AM ON VỆ W S ut Se JC n h SUU. : les 
RL Y Nu A LOTE Y S ke ESO ETE - NA nu hat MA NV sh 5 bos (ea 1 V B Tin ted DUO l ' E A 
TA MỤC RARO Thiện D NES DNUS TIỀN NA ika ta RAM A i XR ES X SOT h "m 4. t N NEC E m ey SAL ` ^ E AF EG ta je k = 
NOTI meta hea ht Ai Dan, OR Ai TU xe. VWA An HEATER AT A RA E E kat gar Een s ` y 
N n la a AS X D W bd 
CARPE ASA AA Ma YO ANN LAAN OON KAN Qu AN NAG NA MIS! y s va EX ` e TENE v ui ur TP ENDE HS vU. 4 N T- và # ESÈ ` Al i .. * N TE M N b^ 
Me An HIA PT keta te WA “AN J E Lac CEA PAPE TOUS OD " AC y 0y MK DT DE $ 7 E x > 
in Wei m OR DMA Kul ok keyi a MAY a JOTAKI ti; ThE bani vil e MOU GENS A OU MOUN a MIN ATT Ky MY N a ae ` “a 
Ay N IAS be ET IĊ RR JAN AA NOM AN x we PLA III deti A > PO AI Tà kè d ` N SAA N N E 
Ea NL M I it SA RE dika d. er KOR AT PYN A homa LO ẨM v Ode 1 Ji nase” N 5 kI n 7 `. 
LL ja d DIS LIT KP Veto wae v ML) N aa X A OU n N 
1 CO Eb M TTS AW E x 
i i Med ANE ti SUR, RA A va cà val CEA NY d ` Lo. a 
Ke, h 9 pèt rin ` W e h i ath ] ME D 9 - 
pu SA LUN MERECE DEUS JAA enel pe a erede e e | LCD P 
Lob il 7 h ud Li ki kl 
n TU Me RE th kiện “e ni U m vn jS HA, JA ye yb HE mi A "ie he LL UNI dv. 2 kt : s yo. en y ka LA XK H - T N > Ped > N 
v ` VICOS AICA SIN th tu ki vi Hs MN A MOUN CV AT KÈ XE ST nàn (ore onis NN y 
SE g ja ` MOT NEN LI N 
NN E AAU TI Hiệu MEAS) ru rv de A UERN N - WA MON A h e DLE ITE Xí NI ATK ‘ R LU pa xây " s N ve ` E E 
JA ev U A N 
YA, N * té t vd HW non N : > " E E 
ba ja 1». MK A + 
A 















- 
o 
- 
ee 
- 
. 
+ 
E 
n 
KON 





a KASN ee Sầu N N Anh Yi ‚es a n 
AN Niên cee i N ak N EY m poleo DIN AN kè yi, kt a Lý 
N b st 1^ HH LR ye 4 K ANS f ART y NA i 
kul aa rh san KANN LT hs hà x, XIV lt ERA A RO: 
LI 


AA bs AL] Ae 

nah SAC as N ħal Yale ħi N y M rie 

NE S e A Net O 
AS N RAN n Miser HN X NHIÊN 


A 
A 
A 


















Pom 
ý A Na TERR MEK 
er) A d INS tè H 
RT “an m ae N SO PANU M à Q N HỆ kage - 
EDS en N Viện Mt TAI Ir ie dg 
N MAN EN ON D BON ux k AO VINKKI TTI : N LUE k ¥ 
Liền E iet A as RS SERES N du RM e. a 
\ $ RE Atè I EAS e IA ae wv e k 
ĐC PYM, e Mn M kh 4 Mun kon a n S *asdié y. NE t e e. N Sh A = N N N^ 
1 v Spe JUN MA] A AWA Mit D ee TUL n .ta x i ' N sa 
S s vụ Liên) Ry) NHI NÀNG A PU An ASENN Pett U tè i a Ja ` N : 
EE A m fii NON: A AG N tong’ KANÈ HN TY DOT YONN TOU pu au B" X 
HAN SANA EN CEU ya MO YON VENN IR a PRAL Yo A Fo EN, | 
won CI kip a a at PYE ESSA OR KAA i N l t 
3 N "PES soha N A F s 
E M. e $ 





